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Comparison of various established techniques with in situ recrystallization methodology. Table S2 Influence of temperature, time and external recrystallization on crystallinity, average particle size, and yield of zeolite A samples prepared by in situ recrystallization during bead milling.
Supplementary Figures
Figure S1
Schematic representation of the in situ recrystallization during bead milling.
Figure S2
Influence of time and external recrystallization on zeolite A particle size and crystallinity at 30 °C: a, Powder x-ray diffraction patterns with crystallinity data for raw, 30°C_ymin and 30°C_ymin_2h zeolite A samples. b, SEM images of 30°C_ymin zeolite A samples. Si/Al = 1.0, cation: Na + ) and NaOH was purchased from Wako Pure Chemical Industries, Ltd.
All chemicals were used as received without further purification. Deionized water from a Millipore water purification system was used in all experiments.
Characterization.
Powder XRD patterns were collected using a Rigaku Ultima IV diffractometer equipped with a Cu-Kα radiation source (λ = 0.15406 nm, 40 kV, 40 mA). The morphology of the products was observed by field-emission scanning electron microscopy (FE-SEM, Hitachi High-Technologies Corp., SU9000) on a microscope operated at an accelerating voltage of 1 kV. In addition to using SEM, size distribution of the samples was measured by particle size analyzer using Shimadzu SALD-7500. The Lattice structural information was captured by field-emission transmission electron microscopy (FE-TEM, 2100F, JEOL, Tokyo, Japan). To investigate the microporous structure of the samples, their water vapour adsorptiondesorption isotherms were recorded at 25°C using a BELSORP-aqua (MicrotracBEL Corp.). The samples were degassed at 200°C for 5 h under vacuum before the adsorption measurements.
Equations.
The crystallinity (α) of the zeolite A nanocrystals was determined using the following equation:
(%) = peak area 2θ = 21.6°, 24°, 27°, 30°for the zeollite A nanocrystals peak area 2θ = 21.6°, 24°, 27°, 30°for the raw zeolite A × 100 ( 1) We calculated the average particle size from SEM images of samples by measuring the individual sizes of a few hundred particles and taking the average of the same. The yield of the final products were calculated using the following equation:
where, 'Y' -Yield; 'X' -total weight of zeolite present in initial slurry; 'X1' -weight of final sample after recovery by washing and drying; 'Z' -total weight of the initial slurry; 'Z1' -total weight of withdrawn slurry.
Methods.
This study involved two stages: (i) in situ recrystallization during bead milling and (ii) 2 h external recrystallization after in situ processing. A total of three in situ recrystallization during bead milling experiments were performed in succession by varying the system temperature from 30 to 45 °C, and finally to 60 °C. Each experiment was performed for 2 h. Aliquots were collected at intervals of 30 min, 60 min, and 120 min during each in situ run, leading to a total of nine samples. Each sample was divided into two equal parts: one was processed for sample recovery and the other was subjected to external recrystallization for 2 h at a temperature matching the temperature at which the sample was drawn during the experiment.
Thus, a total of 18 samples were obtained from the two aforementioned stages. In the process of recovering from the final slurry, samples were washed thrice with pure water to remove NaOH and dried overnight at 80 °C. Samples from the in situ stage were labelled as x°C_ymin, where x denotes the in situ system temperature in °C and y denotes the in situ system time in min.
Similarly, samples from the second stage were denominated x°C_ymin_2h, where x and y retain their meanings used in the labelling system for the first stage and 2h represents the 2-h period of the external recrystallization performed on the samples after they were collected from the in situ system. For example, 30°C_30min denotes the zeolite A sample recovered directly after the in situ recrystallization during bead milling at 30°C for 30 min, whereas 45°C_60m_2h represents the zeolite A sample first treated by in situ recrystallization during bead milling at 45 °C for 60 min. This is followed by 2 h of external recrystallization at 45 °C after it was collected from the in situ system. Furthermore, an ex situ post-milling recrystallization was performed at 30°C using 30 min milled zeolite A powder for extended period of time with 2M NaOH. 
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